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Abstract

Background: There has been arapid increase in the use of technology-based activity trackers to promote behavior change.
However, little is known about how individuals use these trackers on a day-to-day basis or how tracker use relates to increasing
physical activity.

Objective: The aimswere to use minute level data collected from aFitbit tracker throughout a physical activity intervention to
examine patterns of Fitbit use and activity and their relationships with successin the intervention based on Acti Graph-measured
moderate to vigorous physical activity (MVPA).

Methods: Participants included 42 female breast cancer survivors randomized to the physical activity intervention arm of a
12-week randomized controlled trial. The Fithit One was worn daily throughout the 12-week intervention. ActiGraph GT3X+
accelerometer was worn for 7 days at baseline (prerandomization) and end of intervention (week 12). Self-reported frequency of
looking at activity data on the Fithit tracker and app or website was collected at week 12.

Results: Adherenceto wearing the Fitbit was high and stable, with amean of 88.13% of valid days over 12 weeks (SD 14.49%)).
Greater adherence to wearing the Fitbit was associated with greater increases in ActiGraph-measured MVPA (biperaction=0-35,
P<.001). Participants averaged 182.6 minutes/week (SD 143.9) of MV PA on the Fitbit, with significant variation in MV PA over
the 12 weeks (F=1.91, P=.04). The majority (68%, 27/40) of participants reported looking at their tracker or looking at the Fitbit
app or website once a day or more. Changes in Actigraph-measured MV PA were associated with frequency of looking at one's
dataon the tracker (b=—1.36, P=.07) but not significantly associated with frequency of looking at one’s data on the app or website
(P=.36).

Conclusions: Thisisone of thefirst studies to explore the relationship between use of acommercially available activity tracker
and successin aphysical activity intervention. A deeper understanding of how individual s engage with technol ogy-based trackers
may enable us to more effectively use these types of trackers to promote behavior change.

Trial Registration: ClinicalTrials.gov NCT02332876; https://clinicaltrials.gov/ct2/show/NCT023328762term=NCT02332876
&rank=1 (Archived by WebCite at http://www.webcitation.org/6wplEeg8i).

(JMIR Mhealth Uhealth 2018;6(2):629) doi: 10.2196/mheslth.8503
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Introduction

The ubiquity of technology in day-to-day lifeis paving the way
for new and emerging tools that can easily monitor physical
activity. Use of commercialy available, technology-based
wearable activity trackers such asaFithit or Garminisgrowing.
A 2016 analysis revealed that 45% of American adults own at
least one activity tracker, up from 21% in 2014 [1]. Trackers
have been incorporated into several interventions that have
successfully increased physical activity [2,3]. However, little
is known about how individuals use trackers in a physical
activity intervention to support behavior change.

Self-monitoring is defined as the observing and recording of
one’'s own behavior [4]. In the context of a behavioral
intervention, the goal of self-monitoring is to increase
self-awareness of target behaviors and outcomes, which has
been shown to promote a range of healthy behaviorsincluding
smoking cessation [5], healthy eating and physical activity [6-8],
weight management [9,10], and reducing excessive alcohol
consumption [11]. There may be several benefits to
self-monitoring physical activity with technol ogy-based trackers
compared with traditional self-monitoring techniques such as
pedometers or self-reported recall [12,13]. Technology-based
trackers automatically capture activity data, minimizing
participant burden and recall bias compared with traditional
paper and pencil journaling. In addition, these trackers can
simultaneously monitor many indicators including steps,
distance, moderateto vigorous physical activity (MVPA), heart
rate, and sleep [3]. With the growing use of trackersin physical
activity interventions, it is important to understand how they
may help individuals self-monitor their behavior.

Trackers, and their associated mobile apps and websites, support
many theory-based techniques proven to increase activity in
behavioral interventions [7,8,12-17]. The behavior change
techniques framework proposed by Michie and colleagues
suggeststhat self-monitoring isthe skill most strongly associated
with intervention success when combined with at |east one other
self-regulatory technique from control theory (eg, receiving
feedback on performance and reviewing progresstoward goals)
[7,13,15,18]. According to control theory, feedback loops
provide awareness of discrepancies between performance and
goals that can encourage behavior change [18]. Trackers
facilitate feedback loops by providing information about
physical activity behaviors in relation to individual goals.
Although a key benefit of these trackers is the automatic
recording of activity and personalized feedback with little
burden for the wearer, it also could result in minimal
engagement with the activity information. That is, simply
recording activity without attending to the feedback and using
additional  self-regulatory  techniques (ie, passive
self-monitoring) may be insufficient to change behavior
[12,15,19]. Conversely, trackers may encourage greater
awareness of behavior when an individual attends to feedback
provided on the tracker itself or associated mobile apps and
websites (ie, active self-monitoring) [9,12,20-22].

Adherence to wearing a tracker may also be important for
behavior change. A large body of literature suggeststhat strong
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adherence to self-monitoring of weight [23-27], diet [22,28],
and physical activity [9,28] is associated with greater weight
lossand improved weight control. Similarly, asystematic review
found that consistent use of a pedometer is associated with
higher activity levels[29]. Although some intervention studies
report overall adherence or complianceto wearing atracker (ie,
proportion of total study daysworn) [30-32], few have assessed
patterns of adherence to tracker use throughout a physical
activity intervention. A recent intervention trial by
Cadmus-Bertram and colleagues that used a Fitbit activity
tracker is one of the only published studies to take an in-depth
look at adherence to wearing the Fitbit throughout the
intervention [19,33]. They found adherence to wearing the Fitbit
to be high and stable over time; however, it is unknown how or
if participants were attending to the information collected by
the trackers. There is also a lack of research examining how
adherence to wearing a technology-based tracker relates to
increasing physical activity. Additional research is needed to
understand how best to utilize trackers in interventions to
support self-monitoring and effectively change behavior.

A recently published study by Robertson et al [34] examining
intervention delivery preferences found that cancer survivors
are highly interested in using technology-based trackers to
increasetheir activity. Thisisimportant as physical activity can
decrease cancer recurrence [ 35,36], mortality [37], and improve
quality of life [38,39], but unfortunately, many breast cancer
survivors decrease their activity levels as much as 50% from
pre- to postdiagnosis [40] and for several months to years
following diagnosis[41]. Up to 65% of breast cancer survivors
do not meet Centersfor Disease Control and Prevention physical
activity guidelines of 150 min of aerobic activity and 2 days of
strength training per week [42,43]. It isimportant to understand
how emerging, scalable intervention modalities such as
technology-based trackers can be used to help cancer survivors
increase their physical activity.

The goal of the current analysis was to conduct an in-depth
examination of data collected from the Fitbit tracker daily for
12 weeks among a sample of breast cancer survivors enrolled
in a physical activity intervention, where 7 days of
ActiGraph-measured physical activity was aso collected at
baseline and end of study. The primary aims of this analysis
were as follows: (1) examine patterns of adherence to wearing
the Fitbit, (2) test the association of adherence to wearing the
Fitbit with changesin ActiGraph-measured MV PA, (3) examine
patterns of Fitbit-measured MVPA, (4) examine frequency of
self-reported checking of data on the tracker and on the maobile
app or website, and (5) test the associ ation between self-reported
checking of dataon the tracker and on the mobile app or website
with changesin ActiGraph-measured MV PA. We hypothesized
that higher adherence to wearing the Fitbit and greater checking
of the data would be associated with greater increase in
ActiGraph-measured MV PA.

Methods

Participants and Design

Participants in this secondary data analysis were enrolled in a
randomized controlled trial of a 12-week physical activity
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intervention. Data were collected from February 2015 to July
2016. The University of California, San Diego institutional
review board approved all study procedures, and all participants
provided written informed consent. The trial was registered
with Clinicaltrials.gov (NCT 02332876). Eligible participants
were female breast cancer survivors, in the age range of 21 to
85 years, who were diagnosed less than 5 years before study
enrollment, had compl eted chemotherapy or radiation treatment,
were sedentary (defined as self-reporting less than 60 min of
MV PA in 10 min bouts per week), and had accessto the Internet
and a Fitbit-compatible computer, tablet, or phone. Exclusion
criteria included any medical condition that could make it
potentially unsafe to be in an unsupervised physical activity
intervention (determined by the Physical Activity Readiness
Questionnaire [44]), other primary or recurrent invasive cancer
within the last 10 years, and unable to commit to a 12-week
intervention.

Out of 911 women who were screened for eligibility, 108 were
eligible, and 97 cameto the basdline visit. Most common reasons
for being ineligible included being too active (n=225), unable
or unwilling to attend clinic visits (n=106), breast cancer surgery
more than 5 years ago (n=81), and medical exclusion (n=36).
At the baseline visit, 10 women were deemed ineligible (high
blood pressure, n=8; physical limitation, n=2). A total of 87
participants were randomized to the exercise arm (n=43) or the
control arm (n=44). One participant from each arm was lost to
follow-up, resulting in a 97.7% retention rate (exercise n=42,
control Nn=43) [45]. The current analyses comprise data from
the 42 participants who were randomized to the exercise arm
and completed the study.

A detailed description of the protocol was previously published
[46]. Briefly, participants were predominantly recruited via
cancer registry lists. Potential  participants = were
telephone-screened to determine €eligibility. Interested and
eligible women were scheduled for an in-person visit where
they were given an ActiGraph GT3X+ accelerometer to wear
for 7 days and bring back to the randomization visit. At the
randomization visit, participantsin the exercise arm were given
a Fithit One as part of the intervention. Participants were
instructed to use their Fitbit to self-monitor their physical
activity. As the intervention focused on Fithit's “Active
Minutes,” which consists of MV PA and did not focus on steps,
participants were encouraged to wear the Fitbit when engaging
in MVPA but were not instructed to wear it for a minimum
amount of time each day. Participants were informed that their
Interventionist would check their Fitbit dataat | east once aweek
and that they may be contacted by theinterventionist if it seemed
that they were struggling or having agreat week. All participants
received intervention phone calls around the 2-week and 6-week
time points and automatic emails every 3 days throughout the
12-week intervention, which included reminders to sync and
wear their Fitbit. One week before their final study visit,
participants were mailed the ActiGraph GT3X+ and asked to
wear it for 7 days, concurrently with the Fitbit, and to bring the
ActiGraph to the in-person visit. At the final in-person visit,
participants completed a questionnaire regarding their use of
the Fithit tracker and the Fitbit app and website.
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M easures

The Fitbit One, acommercialy available accelerometer-based
activity tracker, was used to examine patterns of physical
activity throughout the 12-week intervention. Fitbit uses a
proprietary algorithm to classify each minute as being in
sedentary, light, moderate, or vigorous activity and provides
metabolic equivalent of tasks (METS) for each minute. Data
were wirelessly uploaded to the user’s fitbit.com account and
then downl oaded by the research team through adatabase called
Fitabase (Small Steps Lab, San Diego, CA), which allows for
collecting data at the minute level. Daily adherence to wearing
the Fithit tracker was defined as wearing the tracker for >10
hoursinaday or logging at |east some activity (>1 min MV PA).
This definition for a valid Fitbit wear day was used because
participantswere not instructed to wear the Fitbit all day; rather
they were instructed to use the Fitbit to track activity. Thus,
wearing the tracker specifically to log MVPA was deemed to
be valid wear based on these instructions. Fitbit wear time was
determined by processing of minute level Fitbit data using the
R function accel .weartime within the “ accel erometry” package
[47]. Nonwear was classified using both steps and METS.
Consistent with standard protocols for ActiGraph wear time
[48], greater than 90 consecutive minutes of 0 steps or METS,
with 2-min tolerance (ie, for 2 min with nonzero counts during
nonwear intervals) was deemed nonwear.

The ActiGraph GT3X+, a well-validated research grade
accelerometer [49], provided frequency, duration, and intensity
of physical activity for 7 days at baseline (prerandomization)
and at week 12. Using standard guidelines, sufficient ActiGraph
wear time was classified as >10 hours of wear aday for at least
5 days or >50 hours across 4 days and screened for in the
ActiLife software (ActiGraph, Pensacola, FL) using guidelines
outlined by Choi et al [48]. All complete and valid data were
processed in ActiLife software using the low frequency
extension and aggregated to 60-second epochs so that published
physical activity cut points could be applied [50]. MVPA was
defined as 1952 or more counts per minute (3.00-7.00 METS).

Self-report questionnaires at follow-up (12 weeks) were used
to determine participants’ frequency of looking at their activity
data on the Fitbit tracker itself and (in a separate question) the
Fitbit app or website. These questions used an 8-point Likert
scale with the following response options. more than once per
day, once per day, 4-6 times per week, 2-3 times per week, once
per week, 2-3 times per month, once amonth or less, and never.

Statistical Analysis

The distribution (mean [SD] and n [%]) of participant
demographicsand breast cancer characteristicswere cal culated
at basdlinefor the analytic sample. ActiGraph-measured physical
activity, measured at baseline and follow-up, was described
using mean (SD). The agreement between ActiGraph- and
Fitbit-measured MVPA was assessed by calculating the
concordance correlation in days with overlapping wear.

Examine Patterns of Adherence to Wearing the Fitbit

Overal adherence to wearing the Fitbit was analyzed by
determining the percent of days in the 12-week intervention
period that the participant logged avalid day of wear (>10 hours
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wear or >1 min MVPA). Syncing errors occurred for 2
participants resulting in no data for 64 days for 1 participant
and 21 days for the other participant; this data was considered
missing and not classified as nonvalid.

To graphically display patterns of adherence over time, rolling
adherence was cal cul ated by determining the percent valid days
in the past 6 days + the current day. To examine differencesin
weekly adherence, we calculated the mean (SD) of weekly
adherence from the end of each week (1,...,12) and carried out
amixed effects ANOVA, with a subject level random intercept
and dope and using avariance components covariance structure,
to detect an omnibus difference in adherence between weeks.
The subject level random intercept and slope models were used
to account for the correlated nature of the weeks nested within
each individual .

Test the Association of Adherence to Wearing the Fitbit
With Changesin ActiGraph-Measured Moderate to
Vigorous Physical Activity

The association between Fithit adherence and change in
ActiGraph-measured MV PA was assessed using alinear mixed
effects model with asubject level random intercept. The model
regressed ActiGraph-measured MVPA on overal Fithit
adherence, time (baseline vs follow-up), and the interaction
between adherence and time.

Examine Patterns of Fitbit-Measured Moderate to
Vigorous Physical Activity

Overall, Fitbit-measured MV PA was assessed by calculating
the mean (SD) of day level MVPA for each participant across
all valid daysinthe 12-week study and transforming to the week
level.

To graphically display patterns of physical activity over time,
rolling MVPA was caculated by summing the minutes of
physical activity inthe past 6 days + the current day. To examine
differences in weekly MVPA, we calculated the mean (SD) of
weekly MV PA from the end of each week (1,...,12) and carried
out a mixed effects ANOVA, with a subject level random
intercept and slope and variance components covariance
structure, to detect an omnibus difference in Fitbit-measured
MVPA between weeks. As before, the subject level random
intercept and slope allowed us to account for the correlated
nature of the weeks nested within each individual.

Test the Association Between Self-Reported Checking
of Data on the Tracker, Mobile App, or Website With
Changesin ActiGraph-Measured Moderateto Vigorous
Physical Activity

Associations between physical activity self-monitoring and
changes in ActiGraph-measured MV PA were analyzed using a
linear mixed effects model with asubject level random intercept.
The model regressed ActiGraph-measured MVPA on the
self-monitoring score, time (basdine vs follow-up), and the
interaction between the self-monitoring score and time. There
were two “self-monitoring scores,” each based on an 8-point
Likert score (onefor looking at information on the Fitbit tracker
and the other for looking at information on the app or website).
In addition, we created a combined binary variable to assessthe
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proportion of participants who looked at both the Fitbit tracker
and the app or website daily (=once per day) versus those who
did not. The mixed effects model was run individually for each
of the self-monitoring questions, with the Likert questions
treated as continuous. Questions were treated as continuous
becausethe Likert measure had 8 points, therewas an underlying
continuous concept (time), and low skew when the distribution
was treated as continuous.

Results

Participant Characteristics

Participants were 42 femal e breast cancer survivors who were
predominantly diagnosed at stage 1 (62%, 26/42). About half
had received chemotherapy, and about three-fourths were
currently taking an aromatase inhibitor or tamoxifen. They were
an average of 58 years old (SD 11.3), with the mgjority being
non-Hispanic (81%, 34/42), white (83%, 35/42), and having a
college education or greater (69% [29/42]; Table 1). The
intervention group significantly increased ActiGraph-measured
MVPA from baseline (93.8 min/week, SD 90.79) to 12 weeks
(195.3 min/week, SD 105.9, P<.001) [45]. Minutes of
ActiGraph-measured MV PA at week 12 was highly correlated
with Fitbit MVPA collected on overlapping days (r=.81:
ActiGraph MV PA/day mean 29.9, SD 25.90, Fitbit MV PA/day
mean 25.8, SD 28.76).

Patterns of Adherenceto Wearing the Fitbit

Adherence to wearing the Fitbit was high, with amean number
of valid days across the 12-week intervention period of 88%
(SD 14), median of 95%, and range of 31% to 100% of
intervention days. Each week, participants wore the Fitbit on
average 6.2 out of 7 days (88.5% per week, SD 1.8). Although
adherence to wearing the Fitbit appeared to decrease in the
middle of theintervention period (Figure 1), adherence did not
significantly differ across the 12 weeks (P=.71).

Overall Adherenceto Wearing the Fitbit and
Associations With ActiGraph-M easured M oder ate to
Vigorous Physical Activity

Greater adherence to wearing the Fitbit was associated with
greater increasesin ActiGraph-measured MV PA (B eraction=0-35
P<.001). Someone with the median amount of valid wear days
(95%) had an expected ActiGraph-measured MVPA increase
of 109.8 min/week, whereas someone with the first or third
quartile amount of valid wear days (80% and 98%, respectively)
had an expected ActiGraph-measured MV PA increase of 73.3
min/week and 117.2 min/week, respectively.

Patterns of Fitbit-M easured M oder ate to Vigorous
Physical Activity

Acrossthe 12 weeks, participants averaged 182.6 minutes/week
(SD 143.9) of MVPA ontheFithit. Minutes of MV PA per week
significantly differed over the 12 weeks (F1/30o=1.91, P=.04;
Figure 2). Weeks 3 and 9 had the highest average MV PA with
222.9 min/week (SD 173.4) and 198.4 min/week (SD 167.9),
respectively. Weeks 12 and 5 had the lowest average MVPA
with 159.7 min/week (SD 128.4) and 168.1 min/week (SD
123.5), respectively.
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Table 1. Baseline characteristics (N=42).
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Characteristic Value
Agein years, mean (SD) 57.9 (11.3)
Married or living with partner, n (%) 31(73)
Body mass index, kg/mz, mean (SD) 26.7 (6.3)
Education, n (%)

Some college or less 13 (3

College graduate 18 (43)

Master’s degree or higher 11 (26)
Ethnicity, n (%)

Not Hispanic/Latino 34 (81)

Hispanic/Latino 8(19)
Race, n (%)

White 35(83)

Nonwhite 7(17)
Cancer stage, n (%)

Stagel 26 (62)

Stage Il 12 (29)

Stage Il 4(10)
Received chemotherapy, n (%) 22 (52)
Current aromatase inhibitor or tamoxifen, n (%) 30 (72)
Time since surgery, months, mean (SD) 29.5(17.6)

Figure 1. Rolling weekly percent adherence to wearing the Fithit, averaged across study participants (standard error), reference line at overall 12 week
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Figure 2. Roalling weekly minutes of Fithit-measured MVPA, averaged across study participants (standard error), reference line at overall 12 week
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Use of the Fitbit Tracker, App, or Website

At study completion, participants answered a series of questions
regarding use of the Fitbit tracker and Fitbit website or mobile
app. Two participants did not answer these two items. Of the
40 participantswho answered these items, 68% (27/40) reported
looking at their activity data on the Fitbit app or website once
aday or more; 13% (5/40) reported looking at the app or website
less than once a week; 68% (27/40) of participants reported
looking at the Fithit tracker itself once aday or more, whereas
10% (4/40) reported looking at it |essthan once aweek. Exactly
half (50%, 20/40) of the participants reported looking at both
the Fitbit tracker and the app or website at least once per day
(Table 2).

https://mhealth.jmir.org/2018/2/e29/

Association of Use of the Fitbit Tracker, App or
Website With ActiGraph-Measured M oderateto
Vigorous Physical Activity

Frequency of looking at one’s data on the Fitbit app or website,
controlling for adherence to wearing the Fitbit, was not
associated with change in ActiGraph MVPA (P=.36). There
was a hegative associ ation between looking at one's dataon the
Fitbit tracker and changein ActiGraph MV PA (b=-1.36, P=.07),
controlling for adherence to wearing the Fitbit. Participantswho
reported looking at the tracker more frequently had smaller
increases in MVPA than those who looked less often. When
this analysis was carried out on the combined binary variable
of looking at the Fithit tracker and the app or website at |east
daily, we found no association with changein ActiGraph MV PA
(P=.87).
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Table 2. Fitbit self-monitoring questionnaires (N=40).
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Question Frequency
L ooked at information on the app or website
Never 0(0)
Once amonth or less 2(5)
2-3 times per month 3(8)
Once per week 3(8)
2-3 times per week 3(8)
4-6 times per week 2(5)
Once per day 6 (15)
More than once per day 21 (53)
L ooked at information on the Fitbit tracker
Never 2(5)
Once amonth or less 1(3)
2-3 times per month 1(3)
Once per week 2(5
2-3 times per week 3(8)
4-6 times per week 4 (10)
Once per day 7(18)
More than once per day 20 (50)
L ooked at information on the app or website and on the Fitbit tracker
Less than once a day 20 (50)
Once aday or more 20 (50)

Discussion

Principal Findings

This study is one of the first to take an in-depth look at use of
a commercially available wearable activity tracker and how it
relates to changes in physical activity. Using minute level data
collected from the Fitbit, adherence to wearing the tracker was
high and stable across the 12-week intervention period. Thisis
generaly consistent with previousresearch [30,33,51]; however,
one recent observational study found linear decreases in Fithit
useover ayear [52]. Thissuggeststhat Fithit use long term and
not within an intervention may be different than was seen in
this study. One challenge of comparing Fitbit use across studies
isthat how adherence to wearing the tracker was calculated or
defined is often not reported [30,33,51,52]. To our knowledge,
this is aso one of the first studies to explore the relationship
between use of a commercially available activity tracker and
success in a physical activity intervention where the physical
activity was also measured by an ActiGraph, the gold standard
measure for free-living physical activity in research. The positive
association between wearing the Fitbit and increased MVPA
suggests that using the real-time data to determine if someone
iswearing their tracker could help to identify individuals who
may need additional support, or possibly other self-monitoring
methods, to support behavior change.

https://mhealth.jmir.org/2018/2/e29/
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In our analyses, MVPA significantly varied throughout the
intervention. Interestingly, the highest minutes of MVPA
occurred at week 3, immediately after the intervention call,
which typically occurred around the end of week 2, and at week
9, which was around when participants were contacted to
confirm their fina visit at 12 weeks. This highlights the
importance of personal contact with participants in a physical
activity intervention and is consistent with research that has
found greater benefit for combining technology-based
self-monitoring with counseling than using technology alone
[53].

A novel aspect of wearable trackers is that they can provide
objective feedback on MV PA. Previous studies with traditional
pedometers could only provide feedback on steps, which
captures activities of al intensities. Weidentified only two other
published physical activity interventions in which participants
set goals explicitly on Fitbit's active minutes and examined
changesin Fitbit-measured active minutes as one of the primary
study outcomes[33,54]. Given the numerous benefits of MV PA
[55-57], the capabhility of trackers to automatically collect
information on MVPA may be useful in helping individuals
meet physical activity guidelines[13].

Whiletechnol ogy-based activity trackers make self-monitoring
less burdensome compared with traditional tracking methods,
they also do not require a person to attend to the information
being collected by the monitor. Overall, self-reported viewing
of activity data on the Fitbit itself, or on the Fithit website or
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app wasVvery high. Looking at activity data.on the app or website
was hot associ ated with changesin ActiGraph-measured MV PA.
Surprisingly, more frequent looking at dataon the Fithit tracker
itself was associated with smaller changes in
ActiGraph-measured MV PA. One reason for this finding may
be that the Fitbit One tracker did not show minutes of MV PA;
that information was only available on the app or website. These
results could also indicate that checking one’s own data is not
asimportant as being accountableto someone elsefor increasing
physical activity. In this study, it was stressed that the Fitbit
would be used so that the interventionist could see the data and
provide support. It may be that being accountable was a greater
motivating factor for increasing MVPA than being self-aware
of one's own activity levels. Much of the field's understanding
of the importance of self-monitoring is based on active
self-monitoring, which typically require aperson to think about
their day and record their minutes of activity, but thisrecord is
often not easily or immediately shared. As technology-based
trackers become more common place in interventions, we need
to continue exploring the impact of active versus passive
self-monitoring and the role of accountability on behavior
change so that our understanding of the role of monitoring
physical activity is consistent with new and emerging
technologies.

Limitations

Although this in-depth analysis of daily activity data from a
commercially available activity tracker isanimportant addition
to our understanding of how trackers are associated with
behavior change, several limitations should be noted. Thisstudy
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comprised asmall sample of arelatively homogenous group of
breast cancer survivors, and results may not be generalizable.
Fitbit does not share information on number of times a person
checks the Fithit app or website; therefore, checking of app or
website relied on self-report, which unfortunately had little
variation, with most participants reporting looking at their Fithit
or the app or website daily. Additionally, self-report questions
assessing use and engagement with the tracker were only asked
at the end of the intervention, limiting our ability to examine
trends in engagement throughout the intervention. In addition,
we used a question combining website and app use and could
not examine those two modalities separately. The intervention
period wasrelatively short—Iong-term use of an activity tracker
and its relationship with increasing physical activity could not
be assessed. Although we also used standard cut-points for
determining ActiGraph-measured MV PA, future studies should
consider using machine learning agorithms to classify
ActiGraph-measured behaviors. Finaly, the intervention
included many remindersto wear the Fitbit, so adherence results
may not be representative of what would happen outside of an
intervention protocol.

Conclusions

With the continued emergence of new technologies for
self-monitoring physical activity, it isimportant to understand
how people use these new devices and how use of these devices
can support behavior change. These insights may enhance our
ability to effectively utilize activity trackersto promote behavior
change.

Research support was provided by the National Cancer Institute of the National Institutes of Health (K07CA 181323). The content
in this manuscript is solely the responsibility of the authors and does not necessarily represent the official views of the National

Institutes of Health.

Conflictsof Interest
None declared.

Multimedia Appendix 1
CONSORT E-HEALTH checklist (V 1.6.1).

[PDE File (Adobe PDF File), 430K B-Multimedia Appendix 1]

References

1. PWC. The Wearable Life 2.0: Connected living in awearable world URL: https://www.pwc.com/us/en/industry/
entertai nment-medi a/assets/pwec-cis-wearabl es.pdf [accessed 2018-01-21] [WebCite Cache ID 6weWhENQO]
2. LewisZH, LyonsEJ, Jarvis M, Baillargeon J. Using an electronic activity monitor system as an intervention modality: a

systematic review. BMC Public Health 2015;15:585 [FREE Full text] [doi: 10.1186/s12889-015-1947-3] [Medline:

26104189]

3. Coughlin SS, Stewart J. Use of consumer wearable devices to promote physical activity: areview of heath intervention
studies. J Environ Health Sci 2016 Nov;2(6) [FREE Full text] [Medline: 28428979]
4.  Kanfer FH. Sdf-monitoring: methodological limitationsand clinical applications. JConsult Clin Psychol 1970;35(2):148-152.

[doi: 10.1037/h0029874]

5. Bartlett YK, Sheeran P, Hawley M S. Effective behaviour change techniques in smoking cessation interventions for people
with chronic obstructive pulmonary disease: a meta-analysis. Br J Health Psychol 2014 Feb;19(1):181-203 [FREE Full

text] [doi: 10.1111/bjhp.12071] [Medline: 24397814]

https://mhealth.jmir.org/2018/2/e29/

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 2| €29 | p. 8
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=mhealth_v6i2e29_app1.pdf&filename=6189e2c95bf1b287a0bdefa307e17800.pdf
https://jmir.org/api/download?alt_name=mhealth_v6i2e29_app1.pdf&filename=6189e2c95bf1b287a0bdefa307e17800.pdf
https://www.pwc.com/us/en/industry/entertainment-media/assets/pwc-cis-wearables.pdf
https://www.pwc.com/us/en/industry/entertainment-media/assets/pwc-cis-wearables.pdf
http://www.webcitation.org/

                                            6weWhENQ0
http://www.biomedcentral.com/1471-2458/15/585
http://dx.doi.org/10.1186/s12889-015-1947-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26104189&dopt=Abstract
http://europepmc.org/abstract/MED/28428979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28428979&dopt=Abstract
http://dx.doi.org/10.1037/h0029874
http://dx.doi.org/10.1111/bjhp.12071
http://dx.doi.org/10.1111/bjhp.12071
http://dx.doi.org/10.1111/bjhp.12071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24397814&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Hartman et &

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Greaves CJ, Sheppard KE, Abraham C, Hardeman W, Roden M, Evans PH, IMAGE Study Group. Systematic review of
reviews of intervention components associated with increased effectivenessin dietary and physical activity interventions.
BMC Public Health 2011 Feb 18;11:119 [FREE Full text] [doi: 10.1186/1471-2458-11-119] [Medline: 21333011]
Michie S, Abraham C, Whittington C, McAteer J, Gupta S. Effective techniques in healthy eating and physical activity
interventions: ameta-regression. Health Psychol 2009 Nov;28(6):690-701. [doi: 10.1037/a0016136] [Medline: 19916637]
Samdal GB, Eide GE, Barth T, Williams G, Meland E. Effective behaviour change techniques for physical activity and
healthy eating in overweight and obese adults; systematic review and meta-regression analyses. Int J Behav Nutr Phys Act
2017 Mar 28;14(1):42 [EREE Full text] [doi: 10.1186/s12966-017-0494-y] [Medline: 28351367]

Burke LE, Wang J, Sevick MA. Self-monitoring in weight loss: a systematic review of the literature. JAm Diet Assoc 2011
Jan;111(1):92-102 [FREE Full text] [doi: 10.1016/j.jada.2010.10.008] [Medline: 21185970]

Hill B, Skouteris H, Fuller-Tyszkiewicz M. Interventions designed to limit gestational weight gain: a systematic review of
theory and meta-analysis of intervention components. Obes Rev 2013 Jun; 14(6):435-450. [doi: 10.1111/0br.12022] [Medline:
23534901]

Michie S, Whittington C, Hamoudi Z, Zarnani F, Tober G, West R. Identification of behaviour change techniquesto reduce
excessive alcohol consumption. Addiction 2012 Aug;107(8):1431-1440. [doi: 10.1111/j.1360-0443.2012.03845.x] [Medline:
22340523]

LyonsEJ, Lewis ZH, Mayrsohn BG, Rowland JL. Behavior change techniques implemented in electronic lifestyle activity
monitors: asystematic content analysis. JMed Internet Res 2014 Aug;16(8):€192 [FREE Full text] [doi: 10.2196/jmir.3469]
[Medline: 25131661]

Sullivan AN, Lachman ME. Behavior change with fitness technology in sedentary adults: areview of the evidence for
increasing physical activity. Front Public Health 2016;4:289 [ FREE Full text] [doi: 10.3389/fpubh.2016.00289] [Medline:
28123997]

Bluethmann SM, Vernon SW, Gabriel KP, Murphy CC, Bartholomew LK. Taking the next step: a systematic review and
meta-analysisof physical activity and behavior changeinterventionsin recent post-treatment breast cancer survivors. Breast
Cancer Res Treat 2015 Jan;149(2):331-342. [doi: 10.1007/s10549-014-3255-5] [Medline: 25555831]

Michie S, Ashford S, Sniehotta FF, Dombrowski SU, Bishop A, French DP. A refined taxonomy of behaviour change
techniques to help people change their physical activity and healthy eating behaviours. the CAL O-RE taxonomy. Psychol
Health 2011 Nov;26(11):1479-1498. [doi: 10.1080/08870446.2010.540664] [Medline: 21678185]

Bluethmann SM, Bartholomew LK, Murphy CC, Vernon SW. Use of Theory in Behavior Change Interventions. Health
Educ Behav 2017 Apr;44(2):245-253 [FREE Full text] [doi: 10.1177/1090198116647712] [Medline: 27226430]

Mercer K, Li M, Giangregorio L, Burns C, Grindrod K. Behavior Change Techniques present in wearabl e activity trackers:
acritical analysis. IMIR Mhealth Uhealth 2016;4(2):e40 [FREE Full text] [doi: 10.2196/mhealth.4461] [Medline: 27122452]
Carver CS, Scheier MF. Control theory: auseful conceptual framework for personality-social, clinical, and health psychol ogy.
Psychol Bull 1982 Jul;92(1):111-135. [Medline: 7134324]

Cadmus-Bertram LA, Marcus BH, Patterson RE, Parker BA, Morey BL. Randomized trial of aFitbit-based physical activity
intervention for women. Am JPrev Med 2015 Sep;49(3):414-418. [doi: 10.1016/j.amepre.2015.01.020] [Medline: 26071863]
Ridgers ND, McNarry MA, Mackintosh KA. Feasibility and effectiveness of using wearable activity trackersin youth: a
systematic review. IMIR Mhealth Uhealth 2016 Nov 23;4(4):€129 [FREE Full text] [doi: 10.2196/mhealth.6540] [Medline:
27881359

Sanders JP, Loveday A, Pearson N, Edwardson C, Yates T, Biddle SJ, et al. Devices for self-monitoring sedentary time or
physical activity: a scoping review. JMed Internet Res 2016 May 04;18(5):e90 [FREE Full text] [doi: 10.2196/jmir.5373]
[Medline: 27145905]

Wang J, Sereika SM, Chasens ER, Ewing LJ, Matthews JT, Burke LE. Effect of adherence to self-monitoring of diet and
physical activity on weight lossin atechnol ogy-supported behaviora intervention. Patient Prefer Adherence 2012;6:221-226
[FREE Full text] [doi: 10.2147/PPA.S28889] [Medline: 22536058]

Steinberg DM, Bennett GG, Askew S, Tate DF. Weighing every day matters: daily weighing improves weight loss and
adoption of weight control behaviors. J Acad Nutr Diet 2015 Apr;115(4):511-518. [doi: 10.1016/j.jand.2014.12.011]
[Medline: 25683820]

Butryn ML, Phelan S, Hill JO, Wing RR. Consistent self-monitoring of weight: akey component of successful weight loss
maintenance. Obesity (Silver Spring) 2007 Dec;15(12):3091-3096 [ FREE Full text] [doi: 10.1038/0by.2007.368] [Medline:
18198319]

Wing RR, Phelan S. Long-term weight loss maintenance. Am J Clin Nutr 2005 Jul;82(1 Suppl):222S-225S [FREE Full
text] [Medline: 16002825]

Tate DF, Wing RR, Winett RA. Using internet technology to deliver a behavioral weight loss program. JAm Med Assoc
2001 Mar 07;285(9):1172. [doi: 10.1001/jama.285.9.1172] [Medline: 11231746]

CarelsRA, Darby LA, Rydin S, Douglass OM, CacciapagliaHM, O'Brien WH. The relationship between self-monitoring,
outcome expectancies, difficulties with eating and exercise, and physical activity and weight loss treatment outcomes. Ann
Behav Med 2005 Dec;30(3):182-190. [doi: 10.1207/s15324796abm3003 2] [Medline: 16336069]

https://mhealth.jmir.org/2018/2/e29/ JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 2| €29 | p. 9

(page number not for citation purposes)


https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-11-119
http://dx.doi.org/10.1186/1471-2458-11-119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21333011&dopt=Abstract
http://dx.doi.org/10.1037/a0016136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19916637&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-017-0494-y
http://dx.doi.org/10.1186/s12966-017-0494-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28351367&dopt=Abstract
http://europepmc.org/abstract/MED/21185970
http://dx.doi.org/10.1016/j.jada.2010.10.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21185970&dopt=Abstract
http://dx.doi.org/10.1111/obr.12022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23534901&dopt=Abstract
http://dx.doi.org/10.1111/j.1360-0443.2012.03845.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22340523&dopt=Abstract
http://www.jmir.org/2014/8/e192/
http://dx.doi.org/10.2196/jmir.3469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25131661&dopt=Abstract
https://dx.doi.org/10.3389/fpubh.2016.00289
http://dx.doi.org/10.3389/fpubh.2016.00289
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28123997&dopt=Abstract
http://dx.doi.org/10.1007/s10549-014-3255-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25555831&dopt=Abstract
http://dx.doi.org/10.1080/08870446.2010.540664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21678185&dopt=Abstract
http://europepmc.org/abstract/MED/27226430
http://dx.doi.org/10.1177/1090198116647712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27226430&dopt=Abstract
http://mhealth.jmir.org/2016/2/e40/
http://dx.doi.org/10.2196/mhealth.4461
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27122452&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7134324&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2015.01.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26071863&dopt=Abstract
http://mhealth.jmir.org/2016/4/e129/
http://dx.doi.org/10.2196/mhealth.6540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27881359&dopt=Abstract
http://www.jmir.org/2016/5/e90/
http://dx.doi.org/10.2196/jmir.5373
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27145905&dopt=Abstract
https://dx.doi.org/10.2147/PPA.S28889
http://dx.doi.org/10.2147/PPA.S28889
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22536058&dopt=Abstract
http://dx.doi.org/10.1016/j.jand.2014.12.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25683820&dopt=Abstract
http://dx.doi.org/10.1038/oby.2007.368
http://dx.doi.org/10.1038/oby.2007.368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18198319&dopt=Abstract
http://www.ajcn.org/cgi/pmidlookup?view=long&pmid=16002825
http://www.ajcn.org/cgi/pmidlookup?view=long&pmid=16002825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16002825&dopt=Abstract
http://dx.doi.org/10.1001/jama.285.9.1172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11231746&dopt=Abstract
http://dx.doi.org/10.1207/s15324796abm3003_2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16336069&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Hartman et &

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

Acharya SD, Elci OU, Sereika SM, Music E, Styn MA, Turk MW, et a. Adherence to a behavioral weight loss treatment
program enhances weight loss and improvements in biomarkers. Patient Prefer Adherence 2009 Nov 03;3:151-160 [FREE
Full text] [Medline: 19936157]

Bravata DM, Smith-Spangler C, Sundaram V, Gienger AL, Lin N, LewisR, et a. Using pedometers to increase physical
activity and improve health: a systematic review. JAm Med Assoc 2007 Nov 21;298(19):2296-2304. [doi:
10.100V/jama.298.19.2296] [Medline; 18029834]

Chung AE, Skinner AC, Hasty SE, Perrin EM. Tweeting to health: a novel mHealth intervention using Fitbits and Twitter
to foster healthy lifestyles. Clin Pediatr (Phila) 2016 Jun 16 Epub ahead of print(forthcoming). [doi:
10.1177/0009922816653385] [Medline: 27317609]

Butryn ML, Arigo D, Raggio GA, Colasanti M, Forman EM. Enhancing physical activity promotion in midlife women
with technol ogy-based self-monitoring and social connectivity: apilot study. JHealth Psychol 2014 Dec 8;21(8):1548-1555.
[doi: 10.1177/1359105314558895] [Medline: 25488937]

Huberty JL, Buman MP, Leiferman JA, Bushar J, Adams MA. Trajectories of objectively-measured physical activity and
sedentary time over the course of pregnancy in women self-identified asinactive. Prev Med Rep 2016 Jun;3:353-360 [FREE
Full text] [doi: 10.1016/j.pmedr.2016.04.004] [Medline: 27419036]

Cadmus-Bertram L, Marcus BH, Patterson RE, Parker BA, Morey BL. Use of the Fitbit to measure adherenceto a physical
activity intervention among overweight or obese, postmenopausal women: self-monitoring trajectory during 16 weeks.
JMIR Mhealth Uhealth 2015;3(4):€96 [FREE Full text] [doi: 10.2196/mhealth.4229] [Medline: 26586418]

Robertson MC, Tsai E, Lyons EJ, Srinivasan S, Swartz MC, Baum ML, et a. Mobile health physical activity intervention
preferencesin cancer survivors: a qualitative study. IMIR Mhealth Uhealth 2017 Jan 24;5(1):e3 [FREE Full text] [doi:
10.2196/mhealth.6970] [Medline: 28119278]

Rock CL, Flatt SW, Byers TE, Colditz GA, Demark-Wahnefried W, Ganz PA, et al. Results of the Exercise and Nutrition
to Enhance Recovery and Good Health for You (ENERGY) trial: a behavioral weight loss intervention in overweight or
obese breast cancer survivors. JClin Oncol 2015 Oct 01;33(28):3169-3176 [ FREE Full text] [doi: 10.1200/JC0.2015.61.1095]
[Medline: 26282657]

Chen X, LuW, Zheng W, Gu K, Matthews CE, Chen Z, et al. Exercise after diagnosis of breast cancer in association with
survival. Cancer Prev Res (Phila) 2011 Sep;4(9):1409-1418 [FREE Full text] [doi: 10.1158/1940-6207.CAPR-10-0355]
[Medline: 21795422]

Schmid D, Leitzmann MF. Association between physical activity and mortality among breast cancer and colorectal cancer
survivors: a systematic review and meta-analysis. Ann Oncol 2014 Jul;25(7):1293-1311. [doi: 10.1093/annonc/mdu012]
[Medline: 24644304]

Fong DY, Ho JW, Hui BP, Lee AM, Macfarlane DJ, Leung SS, et al. Physical activity for cancer survivors: meta-analysis
of randomised controlled trials. Br Med J 2012;344:e70 [FREE Full text] [Medline: 22294757]

CaslaS, Hojman P, Marquez-Rodas|, Lopez-TarruellaS, Jerez Y, Barakat R, et al. Running away from side effects: physical
exercise as a complementary intervention for breast cancer patients. Clin Transl Oncol 2015 Mar;17(3):180-196. [doi:
10.1007/s12094-014-1184-8] [Medline: 24894838]

Irwin ML, Crumley D, McTiernan A, Bernstein L, Baumgartner R, Gilliland FD, et al. Physical activity levels before and
after adiagnosis of breast carcinoma: the Health, Eating, Activity, and Lifestyle (HEAL) study. Cancer 2003 Apr
01,;97(7):1746-1757 [FREE Full text] [doi: 10.1002/cncr.11227] [Medline: 12655532]

Sabiston CM, Brunet J, Vallance JK, Meterissian S. Prospective examination of objectively assessed physical activity and
sedentary time after breast cancer treatment: sitting on the crest of the teachable moment. Cancer Epidemiol Biomarkers
Prev 2014 Jul;23(7):1324-1330 [FREE Full text] [doi: 10.1158/1055-9965.EPI-13-1179] [Medline: 24753546]

Hair BY, Hayes S, Tse C, Bell MB, Olshan AF. Racial differencesin physical activity among breast cancer survivors:
implications for breast cancer care. Cancer 2014 Jul 15;120(14):2174-2182 [FREE Full text] [doi: 10.1002/cncr.28630]
[Medline: 24911404]

Mason C, Alfano CM, Smith AW, Wang C, Neuhouser ML, Duggan C, et al. Long-term physical activity trendsin breast
cancer survivors. Cancer Epidemiol Biomarkers Prev 2013 Jun;22(6):1153-1161 [FREE Full text] [doi:
10.1158/1055-9965.EPI-13-0141] [Medline: 23576689)]

Thomas S, Reading J, Shephard RJ. Revision of the Physical Activity Readiness Questionnaire (PAR-Q). Can J Sport Sci
1992 Dec;17(4):338-345. [Medline: 1330274]

Hartman S, Nelson, Myers E, Natargjan L, Sears DD, Palmer BW, et al. Randomized controlled trial of increasing physical
activity on objectively measured and self-reported cognitive functioning among breast cancer survivors: The memory &
motion study. Cancer 2018 Jan 01;124(1):192-202. [doi: 10.1002/cncr.30987] [Medline: 28926676]

Hartman SJ, Natarajan L, Palmer BW, Parker B, Patterson RE, Sears DD. Impact of increasing physical activity on cognitive
functioning in breast cancer survivors: rationale and study design of Memory & Motion. Contemp Clin Trials 2015 Nov;45(Pt
B):371-376 [FREE Full text] [doi: 10.1016/j.cct.2015.09.021] [Medline: 26427563]

Van Domelen D. Rdocumentation. 2015. Functions for Processing Minute-to-Minute Accelerometer Data URL : https:/
/www.rdocumentation.org/packages/accel erometry/versions/2.2.5 [accessed 2017-12-20] [WebCite Cache 1D 6vrCgRhKF]

https://mhealth.jmir.org/2018/2/e29/ JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 2| €29 | p. 10

(page number not for citation purposes)


https://www.dovepress.com/articles.php?article_id=3255
https://www.dovepress.com/articles.php?article_id=3255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19936157&dopt=Abstract
http://dx.doi.org/10.1001/jama.298.19.2296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18029834&dopt=Abstract
http://dx.doi.org/10.1177/0009922816653385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27317609&dopt=Abstract
http://dx.doi.org/10.1177/1359105314558895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25488937&dopt=Abstract
https://doi.org/10.1016/j.pmedr.2016.04.004
https://doi.org/10.1016/j.pmedr.2016.04.004
http://dx.doi.org/10.1016/j.pmedr.2016.04.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27419036&dopt=Abstract
http://mhealth.jmir.org/2015/4/e96/
http://dx.doi.org/10.2196/mhealth.4229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26586418&dopt=Abstract
http://mhealth.jmir.org/2017/1/e3/
http://dx.doi.org/10.2196/mhealth.6970
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28119278&dopt=Abstract
http://europepmc.org/abstract/MED/26282657
http://dx.doi.org/10.1200/JCO.2015.61.1095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26282657&dopt=Abstract
http://cancerpreventionresearch.aacrjournals.org/cgi/pmidlookup?view=long&pmid=21795422
http://dx.doi.org/10.1158/1940-6207.CAPR-10-0355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21795422&dopt=Abstract
http://dx.doi.org/10.1093/annonc/mdu012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24644304&dopt=Abstract
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=22294757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22294757&dopt=Abstract
http://dx.doi.org/10.1007/s12094-014-1184-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24894838&dopt=Abstract
http://dx.doi.org/10.1002/cncr.11227
http://dx.doi.org/10.1002/cncr.11227
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12655532&dopt=Abstract
http://cebp.aacrjournals.org/cgi/pmidlookup?view=long&pmid=24753546
http://dx.doi.org/10.1158/1055-9965.EPI-13-1179
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24753546&dopt=Abstract
http://dx.doi.org/10.1002/cncr.28630
http://dx.doi.org/10.1002/cncr.28630
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24911404&dopt=Abstract
http://cebp.aacrjournals.org/cgi/pmidlookup?view=long&pmid=23576689
http://dx.doi.org/10.1158/1055-9965.EPI-13-0141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23576689&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1330274&dopt=Abstract
http://dx.doi.org/10.1002/cncr.30987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28926676&dopt=Abstract
http://europepmc.org/abstract/MED/26427563
http://dx.doi.org/10.1016/j.cct.2015.09.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26427563&dopt=Abstract
https://www.rdocumentation.org/packages/accelerometry/versions/2.2.5
https://www.rdocumentation.org/packages/accelerometry/versions/2.2.5
http://www.webcitation.org/

                                            6vrCqRhKF
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Hartman et &

48.

49,

50.

51.

52.

53.

55.

56.

57.

Choi L, Liu Z, Matthews CE, Buchowski MS. Validation of accel erometer wear and nonwear time classification algorithm.
Med Sci Sports Exerc 2011 Feb;43(2):357-364 [FREE Full text] [doi: 10.1249/M SS.0b013e3181ed61a3] [Medline:
20581716]

Kelly LA, McMillan DG, Anderson A, Fippinger M, Fillerup G, Rider J. Validity of actigraphs uniaxial and triaxial
accelerometersfor assessment of physical activity in adultsin laboratory conditions. BMC Med Phys 2013 Nov 26;13(1):5
[FREE Full text] [doi: 10.1186/1756-6649-13-5] [Medline: 24279826]

Freedson PS, Melanson E, Sirard J. Calibration of the Computer Science and Applications, Inc. accelerometer. Med Sci
Sports Exerc 1998;30(5): 777-781. [doi: 10.1097/00005768-199805000-00021]

Naslund JA, Aschbrenner KA, Bartels SJ. Wearabl e devices and smartphones for activity tracking among people with
serious mental illness. Ment Health Phys Act 2016 Mar;10:10-17 [FREE Full text] [doi: 10.1016/j.mhpa.2016.02.001]
[Medline: 27134654]

Hermsen S, Moons J, Kerkhof P, Wiekens C, De Groot M. Determinantsfor sustained use of an activity tracker: observational
study. IMIR Mhealth Uhealth 2017 Oct 30;5(10):e164 [ FREE Full text] [doi: 10.2196/mhealth.7311] [Medline: 29084709]
Hutchesson MJ, Rollo ME, Krukowski R, EllsL, Harvey J, Morgan PJ, et a. eHealth interventions for the prevention and
treatment of overweight and obesity in adults: a systematic review with meta-analysis. Obes Rev 2015 May;16(5):376-392.
[doi: 10.1111/0br.12268] [Medline: 25753009]

Wang JB, Cadmus-Bertram LA, Natargjan L, White MM, Madanat H, Nichols JF, et al. Wearable sensor/device (Fitbit
One) and SM Stext-messaging promptsto increase physical activity in overweight and obese adults: arandomized controlled
trial. Telemed J E Health 2015 Oct;21(10):782-792. [doi: 10.1089/tmj.2014.0176] [Medline: 26431257]

Schmitz KH, Courneya KS, Matthews C, Demark-Wahnefried W, Galvdo DA, Pinto BM, American College of Sports
Medicine. American College of Sports Medicine roundtable on exercise guidelines for cancer survivors. Med Sci Sports
Exerc 2010 Jul;42(7):1409-1426. [doi: 10.1249/M SS.0b013e3181e0c112] [Medline: 20559064]

Segdl R, Zwaal C, Green E, Tomasone JR, Loblaw A, Petrella T, Exercise for People with Cancer Guideline Devel opment
Group. Exercise for people with cancer: asystematic review. Curr Oncol 2017 Aug;24(4):e290-e315 [FREE Full text] [doi:
10.3747/c0.24.3619]

Warburton DE, Nicol CW, Bredin SS. Health benefits of physical activity: the evidence. CMAJ 2006 Mar 14;174(6):801-809
[FREE Full text] [doi: 10.1503/cmaj.051351] [Medline: 16534088]

Abbreviations

MET: metabolic equivalent of task
MVPA: moderate to vigorous physical activity

Edited by G Eysenbach; submitted 16.08.17; peer-reviewed by E Lyons, G Dominick; comments to author 14.09.17; revised version
received 24.10.17; accepted 16.11.17; published 05.02.18

Please cite as:

Hartman SJ, Nelson SH, Weiner LS

Patterns of Fitbit Use and Activity Levels Throughout a Physical Activity Intervention: Exploratory Analysis from a Randomized
Controlled Trial

JMIR Mhealth Uhealth 2018;6(2):e29

URL: https://mhealth.jmir.org/2018/2/e29/

doi: 10.2196/mhealth.8503

PMID: 29402761

©Sheri J Hartman, Sandahl H Nelson, Lauren S Weiner. Originally published in JMIR Mhealth and Uhealth
(http://mhealth.jmir.org), 05.02.2018. Thisisan open-access article distributed under theterms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in IMIR mhealth and uhealth, is properly cited. The complete bibliographic
information, alink to the original publication on http://mhealth.jmir.org/, as well asthis copyright and license information must
be included.

https://mhealth.jmir.org/2018/2/e29/ JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 2| €29 | p. 11

RenderX

(page number not for citation purposes)


http://europepmc.org/abstract/MED/20581716
http://dx.doi.org/10.1249/MSS.0b013e3181ed61a3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20581716&dopt=Abstract
https://bmcmedphys.biomedcentral.com/articles/10.1186/1756-6649-13-5
http://dx.doi.org/10.1186/1756-6649-13-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24279826&dopt=Abstract
http://dx.doi.org/10.1097/00005768-199805000-00021
http://europepmc.org/abstract/MED/27134654
http://dx.doi.org/10.1016/j.mhpa.2016.02.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27134654&dopt=Abstract
http://mhealth.jmir.org/2017/10/e164/
http://dx.doi.org/10.2196/mhealth.7311
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29084709&dopt=Abstract
http://dx.doi.org/10.1111/obr.12268
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25753009&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2014.0176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26431257&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0b013e3181e0c112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20559064&dopt=Abstract
http://www.current-oncology.com/index.php/oncology/article/view/3519/2489
http://dx.doi.org/10.3747/co.24.3619
http://www.cmaj.ca/cgi/pmidlookup?view=long&pmid=16534088
http://dx.doi.org/10.1503/cmaj.051351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16534088&dopt=Abstract
https://mhealth.jmir.org/2018/2/e29/
http://dx.doi.org/10.2196/mhealth.8503
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29402761&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

